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 Outer  section :
 Inner section :
 121.2 mm cells
  2688  channels
  40.4 mm  cells
  1472  channels
  Middle section :
  60.6 mm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response distribution along y























144 fibers  local nonuniformity=0.29%
100 fibers (x1.2)  local nonuniformity=0.48%
64 fibers (x1.6)  local nonuniformity=0.66%





























































































































































































































































































































































































































































































































































































adiation dose in the LHCb ECAL
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0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
  22.08    /    17
P1   909.2   75.51
P2   .1345   .2872E-03
P3   .5663E-02   .4350E-03
P4   192.2   74.56
P5   .1427   .3869E-02
P6   .1311E-01   .2532E-02
P7   45.55   16.79
P8   2189.   225.6












4.8 5ﬀ 5.2ﬀ 5.4ﬀ 5.6ﬀ 5.8ﬀ 6
  16.94    /    17
P1   67.69   6.298
P2   5.276   .3646E-02
P3   .4199E-01   .4211E-02
P4   10.97   5.360
P5   5.319   .1555E-01
P6   .1032   .1906E-01














































































































































































































  16.31    /    22
P1   1004.   34.83
P2N  0.1349  0.2615E-03
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 1[ .75 1[ .8 1[ .85 1[ .9 1[ .95 2X 
  26.49    /    27
P
\ 1   872.3   29.81
P2   1.865  0.6870E-03







  24.39    /    15
P1   844.7   31.18
P2   1.865  0.5245E-03
P




























































5g .1 5g .15 5g .2 5g .25 5g .3 5g .35 5g .4 5g .45 5g .5 5g .55 5g .6
  33.73    /    26
Pj 1   797.4   31.17
P2   5.281  0.1106E-02







  14.99    /    10
P1   820.2   441.7
P2   5.281  0.4520E-03
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ùmÓÍQÎ&Ôi×m'OÓ('W'WÔÀáC%ÐÑÜﬃ Y!-#&%('{|)+*ÝPÒÌ&'ﬁÍ@Î[]MÐ-%eMÑ'WÒU'^%hÓDâ5ÓDÒ('QÑ ÓçÒ8Î$%çÒ6Ó$ÎXÒ0*bG*jß)Å/ÑãáC%ÐÑ ÒÌ&'










Ë{Ì&',Õ&'WÒ('QÍWÒÐ-%yÎ&ÍQÍ^'QÖÒ6Î&ÔÍ^' Î&ÔÕu]MÎXÒU'^%6Î$]%Ó('^!Ñi'WÔ Ò8ÎXÒ(MÐÔ¥Ð&á^Ò6Ì&' ÒÌ&%('^'sÓe#×*Õ&'WÒ('QÍWÒÐ-%Ó¨Î$%e'
Ñ%ÎXÒ6Í8Ì&'WÕ!-'WÐÑ'WÒU%eMÍQÎ$]"]ﬃâ½ÔyÎfÖÓ('W#ÕÐ¤Ö&%DÐLe'QÍ3ÒUﬃØ-'_¼Î@âzÒ6ÐfádÎ&Í^"]"ﬃÒ8ÎXÒ('%ÒÌ&'qÍQÐÑﬁ×XMÔ#ÎXÒ(MÐÔzÐXá'ÒÌ&'
MÔá?Ð-%Ñ%ÎXÒUÐÔgáC%ÐÑãÍWÐ-%(%e'QÓÖ*ÐÔÕXMÔ&!J%e'@Î&ÕÐ$#ÒÍ^'W]"]ÓﬀÔZÒ6ÌX'OÒU%e"!-!-'^%'ÖX%Ð5ÍW'QÓDÓÐ-%DÓW)$Ë{Ì&'OÖ&%ÐLe'WÍWÒ(ØÒFâ








ﬃ Y!-#&%e'|)+*-,=²DAQ:;S$Ke4$AR8;2L²Z2@?ACBD:ÕI(4$0"2LKM8ONP:=AQ:=K{T=´T=AQ:=N 8O² AOBD:hEA@CB	3P¹:=A@:5I=AQ2LK^V\¿7BD:Õ2LAOBD:=K{T=¼&3
T=´9T=A@:=N{T4$K5:FT5BD2L<²ÁT9I5BD:=N4$AR8;I(4$0O0º´Õ2L²D0º´$V
}+¥-¦4ßﬀ m 0"	ﬀ¬ß{	wF'þn |-|
JØb ÄÛ nolâÛFà ÄÞ¡ïÛFâ¢ÄÛá ÛFÝyá Þâ
£ êDë]êDë ¤¦¥Nñî§¥'õçñ©¨


























Èy'W!-¸¾Ô cMÑ'QÔÓ(?¾&ÔÓ cÑi'WÔÓ(¸¾ÔÓ `Xb	cÉ»^'W]Y]RÓ(?*^' b¬`F»W'W]Y]-Ó(¸*W' ﬀ#Ñﬁ×z'W%¾Xá¿»^'W]"]Ó
¾&áﬂ`Xb	c Ê»QÑP ¾&áﬂb¬`½Â»QÑP ?Ñ%ÑP ?Ñ%ÑP Rb¬`§I/`Xb	c/
æFÔÔX'W% *b/-kX)£|gì*@Þ¡ */X*-)Þ[ìl*@Þ-X) | ³/X)Å- ³/X)Å&Þ *@Þ}Óßgìbß)G ßË/&ÞÞ
'ÕÕ&]Y' -*Fì^ß$- -ß) Ógìbß[³/ |L/X)£| |L/X)£Ó$ *ÓL/ ßgìbß)G -|$&Þ























































































ãz'Û§ß&¸Û&!½ß&?¼Lâ'ÌÜU'^% 'Mì3»^'W'Ìß§áy*9k-kLâ(â)A°ð¾½â?Û&¸âi¸*W' Ü´±X'1]"Y!³±	Ü ]¸¾³á+áe'ááC%¾³â Ü´±&'=»^'W]Y]Ü´¾"Ü´±&'=¾Læ3ÜU¸»¼$]
»¾LÛ§Û&'»àÜ´¾-%WÝð¼Lá¼LÛÒ¾³æ3Ü(?¾³Û-ÝÏ¾³Û&'C»¾$#&]?ßl%e'æ&]?¼L»W'C¾³ÛX'Cæ¯¼$%Ü½¾&áHÜ+±&',ëä`f¯ãm'^%¾&á µg|[kF»Ìâ ]Y'Û&!LÜ+±


































































£ êDë]ê £  vw5íXt	xex@tíõçòv ò]ógí#ôñwÕ$ñ-íñðPíòSî
°±&'C¼Ëá+á('Ìâã&]ﬃâ¾&ádÜ+±&'h`b¬c/Ò[b`ßX'ÌÜU'Ì»ÌÜ+¾-%½áÜ´¼$%Ü+áﬀ_yÝÜ´±Ü+±&'?Û3áÜ¼[]"]Ä¼éÜU?¾LÛÃ¾&ádÜ´±&'g]"'¼Lßn»¾LÛç$'W%ìÜU'W%	














































'^%´¼ËÜ(?¾³Ûz¼ËÛ§ßå¼$%('Cß&¸á+»^#§á+áe'ßa?Ûzß&'àÜ¼$Y] ?Û* +R)-,êâ(æÁ¾-%Ü´¼LÛ	Ü0Ü¼Ëáúá¾ﬃMÜ´±&'C»¼$]"¸ã&%´¼ËÜ(?¾³Û¶á)(.áÜ('â ¼[%('
}+¥-¦4ßﬀ m 0"	ﬀ¬ß{	wF'þn -
°¿¼LãX]"'|). ,/l4$8O²PÀX4$K(4$NP:=AQ:=KUT2@?FNP:5I5BX4$²D8;I(4$0mT=A»KM¼sI=A»¼K5:WV
`.ÜU%e#§»ÌÜ(#&%(' '¼ËÜ('W%(?¼$] 0*ûﬃºwùn%+¾³ááçûêáe'»àÜU?¾LÛ ómûòäj'ÌÛ&!LÜ´± ,½'WY!³±	Ü1	.243
5687964:79;<>=@?ACBCBD;<97 E4FGIHJ
ê
'¶¼$?Û`#§æ3æÑ¾-%ìÜﬀÔn'¼Lâ(á `ÜU'W'^]  $k-kLKNMÃÆ *b/OM  4	 /-k$k
Ô=¼Láe'gÔ'¼Lâ `ÜU'W'^] /-kLKNMÃÆ *b/OM *	£-k$k
äj'¼LßJ_=¼$]Y] äG'¼Lß *! PMM ýlÓ4Q /LM Ó"Q£ÓPM "	# $k$k
ﬂ;ý *
Ë
 ß&'àÜU'Ì»ÌÜ´¾$%  ýÄÓRKNM ýÓ4Q ÓPM Ó"QÅOM "	£8 [k
]?¾9_'W%²á(#3æ§æÑ¾$%Üãm'¼Lâ `ÜU'W'^] *! ﬂRKNMÃÆ /LM ¡|$k
ESTU5>687964:79;< ÓLKNM ýÄÓ"Q ÓOM QÅOM EGIHV
ê
ù=¼$%(%eÄ¼$!$' `ÜU'W'^]  ﬂRKNMÃÆ ﬂQ£|PM -k
ﬂ(áe#§æz'W%+â(¾.ß&#&]"'Ìá ÓLKNM ýÄÓ"Q ÓOM ﬂ;ýn/-LKWM ﬂ;ýl¡Óﬂ
?ACBD6X<ZY[;]\CA_^`6 ÓLKNM ýÄÓ"Q ÓOM /-LKWM abJ"c
`#3æ§æÑ¾$%Ü`.ÜU%e?æ ù] LMM ýlQ£ÓPM /-LKWM *9k-
b«'¶°á`#§æ§æÁ¾-%Üﬀb]Ä¼éÜU'á `ÜU'W'^]  
 -|OKNMÃÆ /-LKWM *9ﬂ
 ý½*9(ßX'ÌÜU'Ì»ÌÜ+¾-%y#§Û&¸Ü+á  $ýdﬂ
































°±&'_y?ßÜ´±)¾ﬃÁÜ´±&'äø	c áe"!³Û§¼$]§á+æz'»àÜU%e#§â	 Ü+±¯¼ËÜ	?á¿ß&'^¯ÛX'ßÎã8(Ü+±&'²æ§±§¾LÜ+¾³áÜ´¼ËÜU¸áÜ(?»á	 æ&%+¾bç?ßX'á
¼LÛJ¼Lã§á+¾$]"#3Ü('0á+»¼$]"'yﬃÂ¾-%HÜ+±&'½ß&'àÜU'Ì»ÌÜ´¾$%1%('Ìá+æÁ¾³Û§á('¼ËÛ§ßJ»¼ËÛÃãm'#3á('ßJÜ+¾»¾LÛÜ(%+¾-]ÁÜ´±&'ﬀ]"¸Û&'¼$%e¸Üo()¾ﬃ©Ü+±&'
%e'¼Lß§¾$#3Ü²»±¯¼$¸Û§áW)



































}ÅíX¦4ßﬀ 	¨G'þÁ ¯ﬁﬀ3þeþ  ¨y­f	 ¡|
JØMÙ ÄÛ ÛFçWÛFÝáâÞR -ßÄÛáﬂäÝ Ý{çWÞâ	ä1 ÛáﬂÛâ
£{z o z)| ¤¦¥Nñî§¥'õçñ©¨
°±&'åä½ù ã'W]Y'»àÜU%+¾LâÎ¼$!LÛ&'ÌÜ(?»»¼$]?¾$%(?â'ÌÜ('W%fø«ùNù½äP#§áe'áÃÜ´±X'ëá+±¯¼Ëá+±&]YMúoÜU'Ì»±§Û§¾-]¸¾-!(-)Ł,ﬃÜJ¸á




ﬃ Y!-#&%('Ä|)K/X, ¿7BD:a:=0":5I=A»KU2LN49S$²³:=AR8;IlI(4$0"2LKM8ONP:=AQ:=KPÀQ698;:=<©?MKU2LN 3=:5B8O²z¹ ACBD:l¹:=A@:5I=AQ2LKÁA@2L<¬4$Ke¹LT
AOBD:Õ8O²DAQ:=Ke4I=AR8;2L²fÀD2L8O²DA;Vå¬&BD2L<²4$KU:iACBD:iAOBK5:5:T9:5I=A»8;2L²XT2@?iAOBD:I(4$0"2LKM8ONP:=A@:=K´ACBD:°0BA#E§N4$8O²





















£{z o z o Ô ñGwõçöv òSór¥òÕVïFxUñGw
°±&'HÜ´±&%e'W'=Üo(.æm'Ìád¾ﬃÀâ(¾ß&#X]"'HÜ+±¯¼ËÜ¿ã&#&"]¸ß#§æÜ+±&'1?Û3Û&'W%	³âi¸ß§ß&]Y' ¼LÛ3ßC¾-#3ÜU'^% á('Ì»ÌÜ(?¾³Û§á¿¾ﬃ¯Ü´±&'¼øHùNù0ä
ß&'àÜU'Ì»ÌÜ´¾$% ±¯¼ç-'½¼ç-'^%)( á(¸âiY]Ä¼$%dã§¼Lá(¸»"ß&'Ìá(Y!³Û	¼LáHá±§¾9_²ÛJ?ÛPﬃ "!-#X%('ﬀ|)+*9kX)xùﬀ]"]¯â(¾ß&#X]"'Üo(.æm'Ìá=±¯¼ç-'
]Y'¼LßÃ¼Ëã§á+¾-%ãm'^%æ&]Ä¼éÜU'á ¾ﬃG?ß&'ÌÛ	ÜU?»¼$]Ïáe?*^'	3ãX#3ÜÜ´±&'W(Jß&+Ï³'^% ã8(ÎÜ+±&'Û}#§âãz'W%=¾ﬃ¹»^'W]Y]?á=¼ËÛ§ßÃÜ´±&'^%('ﬃÂ¾$%('
ã8(ÎÜ+±&'Û}#§âãz'W%¾ﬃðá»W?Û	Ü("]"]?¼ËÜU¸Û&!ÜU"]Y'áHæm'^%âÅ¾.ß&#&]Y'	¼Lá1_n'^]"]Ï¼Láã8(ÎÜ´±X'¯ãm'^%ß&'Û3á(¸Üo($)	ù âÅ¾.ß&#&]Y'




















































,êÛ§ÛX'W%²á('Ì»ÌÜU¸¾³Û * I*9 QÅk
'¸ß§ß&]Y'½á('Ì»ÌÜU¸¾³Û * I- Qﬂ




























äG¸Û&'¼[%(¸Üo(RﬃÂ¾-%y $kCâR¦ æm'¼¢J»^#&%(%e'Û	Ü ãz'ÌÜÜU'W%Ü+±¯¼LÛ  
ù=¼ËÜ´±§¾.ß&'F#§ÛXIﬃÂ¾-%âiÝÜo(i_yÝÜ´±&¸Ûa*©»ÌâÅÆ ãz'ÌÜÜU'W%Ü+±¯¼LÛ| 
b	#X]?á('ﬃ¹,¬0' ]Y'á+áÜ+±¯¼LÛ*9k Û§á
äA¾LÛ&!CÜU'W%â áÜ´¼Lã&Y]"¸Üo( ãm'àÜ+Ü('W%Ü´±¯¼ËÛd  ÷æm'^%*k-kC±§¾-#&%á
`±§¾-%ìÜÜU'W%â áÜ´¼Lã&Y]"¸Üo(RﬃÂ¾-%­®°¯ﬀ $k± ãz'ÌÜÜU'W%Ü+±¯¼LÛ  
°ð¾l%('ßX#§»W'ÎÜ+±&'J»Ì¾³Û	ÜU%(¸ã&#3Ü(?¾³ÛUﬃC%+¾³â Ü´±X'Jæ§±§¾LÜ+¾³â#&]ÝÜU¸æ&]"Y'W%»¼éÜ´±§¾.ß&'JÛ§¾LÛ"§Q#§ÛXIﬃÂ¾-%âiÝÜo(nÜ´¾Ü+±&'

































ã&#§Û3ß&]"'=Ü+±&'n¯ãz'W%d±§¾$#§á(¸Û&!F?á¹âÅ¾-#3ÛÜ('ß(¼LÛ§ßÜ+±&'n¯ãz'W%áM¼$%('1ìX'Ìßh_y¸Ü´±Ü+±&' Ü+¾³Û&!³á»ﬃ "!-#X%('|)Y*! Ë¼¡=)
¦÷±§¾LÜF_yY%(')»W#3Ü¾ﬃ¯ãz'W%/'ÌÛ§ß§á'Û§áe#&%('ÌáÜ+±&'h¯ãm'^%+áÜ´¾Fãz'C»¾§p]"?ÛX'¼$%¼ËÛ§ßŁæz'W%æm'ÌÛ§ß&¸»W#&]?¼$%0Ü´¾ÃÜ+±&'
»W#Ü)
ﬃ ?Û¯¼[]"]I(zÜ+±&'Fæ§±§¾LÜ+¾³â#&]ÝÜU¸æ&]"Y'W%%('¼Ëß"§ê¾-#Ü)á)(.áÜ('â ?áCâ(¾-#§Û	ÜU'ÌßëRﬃ Y!-#&%('Á|)Y*! éãs=)o°±X'fb«'¶°









































































































































































°±&'Åß&'áe"!³ÛŁ¾ﬃ Ü+±&'Å¾bç$'W%´¼[]"]	'W]Y'»ÌÜ(%+¾³âÅ¼$!³ÛX'ÌÜU¸»)»¼$]¸¾-%(¸âi'àÜU'W%0áÜU%e#§»ÌÜ(#&%('i?áá+±§¾9_²Û ¸Û ﬃ"!-#&%e'|)+*9
¼LÛ§ßÁ?áßX?»W#3á+á('Ìßf¸ÛÓßX'ÌÜ¼["]7¸Û[¤ﬂ+R)
°±&'1_n'^"!³±	ÜM¾ﬃÑ¼LÛh¸Û§ß&Ýç¸ß&#¯¼$].â(¾ß&#X]"'n¸ád¼LãÁ¾-#3Ü	$kt¢!X)¿°±&'y]"'¼LßsÒËá»W¸ÛÜ("]Y]Ä¼ËÜ+¾-%©áÜ´¼L»£¢{_'W"!L±Ü+á


















































JØ# ÷ÄÛ nlâÞß Ý²çWÞâ	ä1 Ûá ÛFâ










































¸ß&'Û	ÜU¸»¼$].æz'W%(¸¾ß3á¹¾ﬃb [k0âÅâ Ü+±&?»£¢Û&'Ìá+áW)¬~½Û&' æm'^%(?¾.ßÍ»Ì¾³Û§áe?áÜ+á ¾ﬃ¯ÜQ_H¾/½âÅâ Ü+±&?»£¢âÅ¼LáÜ('W%¿æX]Ä¼ËÜ('á
_yÝÜ´±Ò¼Õ]"'ÌÛ&!LÜ+±å¾ﬃﬀ*9 $-Îâ(âþ¼LÛ3ßÒ¼J_y¸ß3Ü´±z¾ﬃ{ [-kJâÅâ}Ü´±¯¼éÜ¼$%('h!$]"#&'Ìßl?ÛnÜQ_H¾Á]?¼1(-'W%á½Ü´¾'WY!³±	Ü































































































¾ﬃ æ¯¼$%+¼ËÜU'^%+æ§±&'ÌÛ8(]Rbd°yb¬¼LÛ§ß k)£k-- ý¾ﬃb¬~Fb¬~Fb ¼LáæX%(?âÅ¼$%n(z¼LÛ§ßåá('Ì»¾³Û3ß¯¼$%)(åß§¾Læ¯¼LÛ	Ü´á^)Jﬃ¯¾-%
%e'¼Lá¾³Û§áÃ¾ﬃ»Ì¾³áÜÓ¼LÛ3ßæ&%+¾.ß&#§»àÜU?¾LÛ©%´¼ËÜ('Ü´±&'f?ÛLe'Ì»ÌÜU¸¾³Ûèâ(¾-]?ßX?Û&!åÜU'»±3Û§¾-]?¾$!(¸áÎÜ´±X'næ&%('WﬃC'W%e%('ß
æ&%¾ßX#§»ÌÜ(?¾³ÛÜU'»±3Û§¾-]?¾$!(-)¹°±&' ÜUY]"'Mß&¸âi'ÌÛ§á(¸¾³Û§áAÜ´¾0ãz' æX%+¾.ß&#§»W'Ìß)¼$%('Há+±§¾9_²Ûh¸Ûﬃ Y!-#&%('n|)+*b/X)ð°1_ ¾
Ü("]"'Ìá¹¾ﬃÀß&YÏm'W%e'Û	Üdß&¸âi'ÌÛ§á(¸¾³Û¼$%e'=Û&'^'ß&'Ìß)Ü+¾¼$]Y]?¾9_î¼0áe'W!³â'Û	Ü¼éÜU?¾LÛ¾ﬃh½ù/¦0äÁ_yÝÜ´±ÍÜQ_H¾ß&YÏm'W%e'Û	Ü
»^'W]"]Ñá(¸*W'á^)D,êÛF¾-%+ß&'^% Ü´¾C¾Læ3ÜU¸âi¸*W'²Ü´±&'½æX%+¾.ß&#§»ÌÜ(?¾³Û	§¼á(¸Û&!-]Y'"Üo(.æm'¾ﬃðÜ("]Y'"¾ﬃ¡ -|[ÍâÅâ ©ë*/¡ÓÍâÅâ





ANSYS 5.5.1   
MAY 31 2000
09:03:53   
PLOT NO.   1
NODAL SOLUTION
STEP=1           
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(32    channels
from   PMs)
Serial Data Bus
to/from  Crate Controler
Commands












(4*8b)-> 4Dp LVDS to vertical neigbour














































































Control & data signals
4
9*8b GTL+ from  side neigbour
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